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THE FAIR AND EQUITABLE POOL WIDE UNITIZATION FORMULA
In Arkansas and most other states, separate tracts can be unitized to form a poolwide unit. 
After unitization, production and costs are allocated to the separate tracts based on a participation 
factor for that tract which is set out in the Unit Agreement. The participation factor for each tract 
is calculated using a formula agreed to by the working interest and royalty interest owners in the 
tracts being unitized and must be approved by the state oil and gas regulatory agency. The laws of 
most states require that this formula be fair and equitable to all parties. The Arkansas statute 
requires that the Unit Agreement allocate to each separately owned tract . . its fair share of all the
oil and gas produced from the unit a rea ........ ” and that “No allocation formula shall be adopted by
the commission and put into effect unless it is based on the relative contribution to the unit 
operations, other than physical equipment, made by each separately owned tract. . . ” . This then 
leads to the issue of what is a fair and equitable unitization formula and how do you go about 
creating one.
Some people believe that equity is achieved by any formula that competing parties can agree 
to. This might or might not be so; nonetheless, rarely will 100% of the competing interest owners 
in a Unit agree to the Unit formula. The fact that a majority of interest owners agree, or even 75% 
of the ownership as is required under the Arkansas statute to bring a poolwide Unitization 
application before the Arkansas Oil and Gas Commission, is no guarantee that the formula is fair and 
equitable to all parties. The purpose of this paper is to examine the issue of what is equity in 
poolwide unitization and how equity is achieved.
The purpose of most poolwide unitizations is to allow implementation of a pressure 
maintenance or secondary recovery project for the purpose of increasing recovery from a 
hydrocarbon reservoir. Most readers will be familiar with the terms used in this paper, but for clarity 
the following terms are defined in the context of this paper.
Unitization Formula - A mathematical expression of the procedure used to calculate the 
participation factor of each separately owned tract within a poolwide 
unit. Such a formula is usually composed of several weighted 
parameters.
Parameter - A factor or some attribute of each tract which has some basis in
equity. A parameter must be something that can be defined and 
evaluated for each separately owned tract in the Unit.
Primary Reserves - The volume of hydrocarbons that would have been recovered after
the effective date of unitization through depletion of natural reservoir 
energy without the implementation of Secondary Recovery or 
Pressure Maintenance.
Secondary Reserves - The volume of hydrocarbons that will be recovered as a result of the 
implementation a Pressure Maintenance, Secondary Recovery, or 
other improved recovery methods in the unitized reservoir. This is 
the incremental increase over the remaining Primary Reserves.
Split Formula - A Unitization Formula that changes at some future time after the 
effective date of unitization upon the occurrence of a triggering event 
as defined in the Unit Agreement.
Risk Factor - A factor which expresses the probability that the estimated reserves
will actually be recovered. Primary Risk Factor would apply to 
primary reserves. Secondary Risk Factor would apply to secondary 
reserves.
PV Discount Factor - A decimal factor calculated to account for the time value of money 
that is to account for the fact that revenue received in the future will 
have less value than revenue received now.
Commonly Used Unitization Parameters
The following is a list of the most commonly used parameters in Unitization Formulas: 
Surface area of tract 
Productive area of tract 
Productive bulk volume of reservoir rock 
Productive pore volume of reservoir rock 
Productive hydrocarbon volume of reservoir rock 
Current or Base Period Production 
Current Well Test 
Cumulative Production 
Primary Reserves 
Number o f Producing Wells 
Number o f Useable Wells 
Permeability-thickness
There are circumstances where any of these parameters may bear some relationship to the tract’s fair 
and equitable share of future primary and/or secondary reserves or income, but the fact that any 
parameter is commonly used does not necessarily make it appropriate for any particular 
circumstance. No parameter should ever be used in a Unitization formula unless it has some 
identifiable relationship to the tract’s fair and equitable share of future reserves or income.
The Ideal Unitization Formula
What then is the ideal unitization formula to provide each tract its “fair share of all the oil 
and gas produced from the Unit area”? I believe the following formula should be the model for what 
an ideal formula should be, although it can not be used in the form presented.
Tract Participation — A x  B x  (Tract Remaining Primary Reserves) + C x D x (Tract Remaining Secondary Reserves)
A x B x (Total Remaining Primary Reserves) + C x D x  (Total Remaining Secondary Reserves)
Where A,B,C, and D are constants as follows:
A is a factor expressing the probability of achieving the estimated remaining primary reserves 
B is the ratio of the present value of primary reserves to the present value of primary + secondary reserves 
C is a factor expressing the probability of achieving the estimated remaining secondary reserves 
D is the ratio of the present value of secondary reserves to the present value of primary + secondary reserves
In this ideal formula A, B, C, and D represent the weighting factors applied to each parameter 
in the formula. They are unit average values and do not vary for individual tracts. Since future 
reserves have to be estimated, A and C are factors that allow for risk weighting the estimates of 
future reserves. In most units there is a much greater risk associated with the estimate of future 
secondary reserves than the estimate of future primary reserves because usually primary reserves are 
based on actual past performance while the estimate of future secondary reserves is usually the result 
o f a volumetric based analysis assuming that the proposed secondary recovery project will be 
successful. The estimate of the success probability factor is, of course, a subjective judgment made 
based on the various elements of risk involved. Factors B and D are included to account for the time 
value o f money, recognizing that usually the secondary reserves will be realized much later than the 
remaining primary reserves.
In most cases, before a reservoirwide unitization is proposed for the purpose of secondary 
recovery or pressure maintenance, an engineering feasibility study is made. If such a study has been 
done in the normal form where the results are presented in the form of a cash flow projection of 
primary recovery and a cash flow projection of primary plus secondary recovery, factors B and D can 
be derived directly from the study.
The ideal formula as presented above is not directly useable because each parameter in the 
formula must be something that can be calculated for each individual tract. Primary reserves can be 
calculated for each tract (or production unit), but secondary reserves are not associated with 
individual tracts. Indeed, that is the reason that reservoirs must be unitized to conduct secondary 
recovery or pressure maintenance operations. With rare exceptions, such operations cannot be 
conducted on an individual tract basis. We, therefore, rather than secondary reserves, must select 
a parameter that is representative o f secondary reserves and can be used in the ideal formula to 
simulate secondary reserves. That is really what all these parameters are. They are factors that can 
be determined for each tract in the unit that can be used to simulate each tracts share of primary or 
secondary reserves. Current well production, for instance, is often related to primary reserves. Over 
the years it has come to be accepted that oil-in-place under a tract at the time o f unitization can be 
used to represent secondary reserves. Equity is achieved in a unitization formula when the parameter 
or parameters selected to represent primary reserves in the ideal formula are really proportional to 
primary reserves and the parameter or parameters selected to represent secondary recovery are really 
proportional to a tracts contribution toward secondary recovery reserves and when both the primary 
and secondary factors have been weighted properly to account for relative risk and the time value 
o f money.
The Selection of Unitization Parameters
Many of the commonly used unitization parameters have a relationship to the remaining 
primary oil recovery and can be used by themselves or in combination with other parameters to 
simulate primary reserves in a Unit formula. These are discussed below in the order of the degree 
to which they simulate primary reserves.
Primary Equity Parameters
Primary Reserves - This is each tract’s volume of remaining primary reserves. This 
parameter is usually determined from a decline curve or other performance based method. If various 
tracts have significantly different decline rates, this parameter may not be in proportion to the current 
level of income being derived from primary production.
Current Base Period Producing Rate - This is the actual producing rate of various tracts, 
usually averaged over a period of several months. It is proportional to current income levels and is 
approximately in proportion to primary reserves if  the wells have similar decline rates. This 
parameter is frequently used when decline curve estimates of primary reserves are not definitive. 
Where both oil and gas are produced and sold, gas volumes are usually converted to equivalent oil 
volumes based on relative product prices and added to the oil production volumes.
Current Well Test Rate - This is similar to Base Period Producing rate but where well test 
volumes are used rather than actual production over a defined base period. This parameter is often 
used when there is no base period when all wells actually produced volumes representative of their 
reserves.
Number of Producing Wells - This is the number of wells on a tract with an allowable and 
capable of producing in paying quantities. The existence of useable wells can be of considerable 
value to a unit. If used in combination with other parameters, this parameter can be used to give a 
tract extra participation credit because of its contribution of useable wells to the proposed unit. If, 
because of commingling or other reasons, it is impossible to know what a tract’s actual production 
is from the reservoir to be unitized, this parameter can be used in the place of a production factor, 
although this should not be done if production can be determined or accurately estimated.
Permeability-Thickness - This is not a parameter that is frequently used, but it can be used 
to represent the relative capacity of a tract to produce. If data is available a permeability-thickness 
map can be prepared and the value of permeability-thickness determined for each tract. The most 
likely application for this parameter would be in a reservoir which had wide variations in rock 
quality that would materially affect each tracts value in a secondary recovery project. The parameter 
would also be related to the productive capacity of wells drilled on a tract.
Secondary Equity Parameters
There seems to be some agreement that the parameters that best represents the relationship 
to relative secondary recovery reserves are those that relate to the volume of oil-in-place under each
producing tract at the time the unit is formed. This relationship makes sense because it is based on 
the idea that what each tract’s contribution to unit secondary recovery is the oil in place under the 
tract at the time of unitization. Most modern units, therefore, include one or more of the following 
volumetric parameters in their unit formula:
Hydrocarbon Volume Acre-Feet - This parameter is obtained from a map contoured on the 
product of thickness times porosity times hydrocarbon saturation. It is the parameter most closely 
related to hydrocarbon in place under a tract, but it is rarely used because, usually, the available well 
data is not sufficient to estimate hydrocarbon saturation variations between various tracts at the time 
of unitization..
Productive Pore Volume Acre-Feet - This parameter is obtained from a map contoured on 
the product of thickness and porosity. Where the wells in a field have had modern porosity logs run, 
a porosity-thickness map can be prepared. This parameter should be used if the data is available to 
determine the average rock porosity at each well because it more accurately relates to oil-in-place 
under a tract than does volumes determined from a thickness isopachous map. This parameter is 
frequently used in unitization of newer fields and in limestone reservoirs with areal variations in 
lithology that result in large differences in average rock porosity underlying the various tracts.
Productive Bulk Rock Volume Acre-Feet - This parameter is obtained from a conventional 
thickness isopachous map of a reservoir. It is probably the most widely used unitization parameter 
to represent relative oil-in-place under a tract.
The difference between the three volumetric parameters: hydrocarbon volume, pore volume 
and bulk volume is schematically illustrated at the right.
Productive Area of Tract - This parameter should not be used to represent the relative oil-in- 
place under a tract unless it is not possible to prepare a thickness isopachous map. This situation 
sometime occurs however, and under these circumstances this may be the best parameter to represent 
relative oil-in-place that is available.
Other Parameters Map Parameter Comparison
A third category of 
parameters exists. These are 
parameters that do not normally 
relate directly or indirectly to 
primary or secondary reserves.
These are parameters that are 
sometimes used to neutralize 
some perceived inequity in a 
proposed formula or that, under 
the circumstances that exist, seem 
to have some indirect relationship 
to primary or secondary reserves.
Some commonly used parameters
Bulk Rock Volume Pore Volume Hydrocarbon
Volume
of this type are discussed below but any parameter which seems to have an equity basis could be in 
this category.
Tract Surface Area - Total tract area within the unit boundary, whether productive or not.
Number of Useable Wells - This parameter can be used in units where the presence of a 
useable well on a tract has a significant relationship to the value of the tract to the unit, if this value 
has not been taken into account by an intangible adjustment in the unit operating agreement or in 
some other manner.
Cumulative Production - This parameter was used in some early secondary recovery units 
where all tracts were near depletion and the cumulative oil production from any tract was an 
expression o f the quality of the reservoir underlying the tract. You still see this parameter used in 
unitization formulas but in most applications this parameter has no relationship to the value of a tract 
being contributed to a unit and its use in unitization formulas should be avoided. In most 
unitizations the tract with the greatest cumulative production is the tract which was developed first 
which would generally bear no relationship to the value of the tract to the unit.
The Split Formula
In Unitizations where there is a high degree of secondary recovery risk or where it is 
impossible for the parties to agree on the secondary recovery risk factors (since this is a subjective 
judgment), there is another frequently used way to approach the unitization formula so that risk 
factors are not involved nor is the time value of money factor. This approach involves the use of a 
Split Formula. A split formula is simply a unitization formula that changes at a future time defined 
in the Unit Agreement In its most common application this change occurs at the time that all 
estimated primary reserves have been recovered. If Phase I of a split formula is based on each tracts 
relative primary recovery and Phase II is based on relative secondary recovery, then risk is no longer 
a consideration in the formula. If the project doesn’t work, the formula never changes. If it works 
better than expected, the formula changes to a secondary recovery based allocation sooner than 
expected. A split formula also eliminates the need for a time value of money factor in the formula.
There are sometimes reasons other than risk to use a split formula. Sometimes a formula 
with a heavy weighting o f volumetric parameters will result in an allocation which may be overall 
fair and equitable but initially results in production allocation to tracts that is highly disproportional 
to current levels o f income. This often happens in pressure maintenance units or in units where 
certain tracts have a disproportionately large share of the primary production. In these cases a split 
formula can solve the problem and still be fair and equitable to all tracts.
If a split formula is used, it is important to remember that it is usually helpful and may be 
necessary in some states to construct the formula in a manner that will give all unit tracts some 
production during Phase I. If the Phase I parameters are entirely production or performance derived 
reserve based, tracts with no wells will have no participation factor. This is usually taken care o f by 
allocating a small portion of Phase II participation during Phase I. (Example: Suppose Phase I was 
based 100% on a production factor, Phase II was based 100% on acre-feet and the primary reserves
were 100,000 bbl. The Phase I formula could be changed to 80% Production and 20% Acre-Feet 
and would last until 125,000 bbl had been produced and then the Phase II allocation of 100% Acre- 
Feet would begin. Another frequently used variation for Phase I is as described above but that lasts 
only until the 100,000 bbl primary reserve has been produced but modify the Phase II formula so that 
it becomes 20% Production and 80% Acre-Feet)
Other Considerations
There is one other issue that bears mentioning and may need to be taken into account in the 
development of the unitization formula. From the discussion so far one could conclude that the only 
important thing that a tract contributes to unit operations is primary or secondary reserves. That is 
not entirely true. The other thing a tract can contribute is a useable well. Where wells are expensive 
this can be a significant contribution to the unit. The standard form of a Unit Agreement does not 
contain a provision for an intangible or well cost adjustment, although such a provision can be easily 
added and often is. If many tracts have wells to contribute to the unit and many others do not and 
if there is no intangible or well cost adjustment provision in the unit agreement, it may be necessary 
to cover this issue in the unitization formula. Fortunately, the most widely used parameters to 
simulate primary recovery take this into account. Wells, base-period production, or performance- 
based primary reserve parameters all give no credit to tracts with no well. It is sometimes, however, 
necessary to adjust the ideal formula to take the presence or lack of a well on a tract into account if 
this has not been equitably handled otherwise.
Conclusions
For every proposed unit it is possible to arrive at a Unit Formula which is fair and equitable 
to every tract in the unit. In arriving at a formula though, one is always limited by data availability. 
The best parameter frequently cannot be used in the formula because data is not available to calculate 
the value of that parameter for each tract in a unit. When there are multiple competing parties in a 
unitization, it is probable that a fair unitization formula will be negotiated as each competing party 
strives to protect its own interest. Where a unitization has only one major working interest owner, 
particularly if that owner’s interest in the unit exceeds 75%, it is important that the regulatory agency 
make certain that the parameters used in a unit formula, in some way, simulate the relative primary 
or secondary reserves of each tract and that the parameters used are weighted in a manner that will 
take into account the risk involved in recovering the reserves, particularly the secondary reserves, 
and to take into account the time value of money. If parameters are used in a formula that are not 
directly related to remaining reserves, the regulatory agency should insure that there is a solid basis 
for their inclusion in the unitization formula.

